Since the condition of space environment (the "space weather") near the Earth is strongly influenced by the solar wind, improvement of our understanding of it is essential for minimizing adverse space weather impacts on space technologies and astronauts. Interplanetary scintillation (IPS) observations are useful to gain insight into the global properties of the solar wind, which are poorly understood by in situ measurements. We have carried out IPS observations at 327 MHz regularly using the four-station system of the Solar-Terrestrial Environment Laboratory (STEL) of the Nagoya University. The deconvolution analysis of our IPS observations has revealed the 3-dimesnional feature, solar origin and dynamical behavior of the solar wind, which are crucial information to develop the space weather prediction model.
Introduction
The Earth is engulfed by the solar wind, which a super sonic plasma flow from the Sun, and the near-Earth space environment ("space weather") is ceaselessly influenced by its variation. Such solar wind influences sometimes cause adverse space weather conditions, which can affect the performance and reliability of space-borne and ground-based technological systems and can endanger life or health of astronauts. Thus, accurate knowledge of the solar wind is needed to minimize these space weather risks. However, our understanding of the physical properties of the solar wind is insufficient to make a reliable forecast of the space weather. In particular, the 3-dimensional large-scale structure, origin, and radial evolution during propagation are little understood, although they are key information for space weather predictions. This inadequacy mostly comes from limited density and coverage of solar wind observations.
Interplanetary scintillation (IPS) of natural radio sources with a compact apparent size (such as quasars, pulsars) is known to act as an effective remote sensing probe for the solar wind 1, 2) . They are particularly useful to gain insight into global properties of the solar wind, which are difficult to access by solely using in situ measurements. We have been attempting to elucidate enigmas of the global solar wind properties from our IPS observations. In this paper, we present some interesting findings from our IPS studies, which are important from viewpoint of the space weather predictions. In sections 2 and 3, we describe our IPS observations and the analysis method of IPS data, respectively. In sections 4, we present some results obtained from our IPS studies. In section 5, we present a brief summary and address future subjects in our IPS study.
IPS Measurements of the Solar Wind
Density irregularities, which are ubiquitous in the solar wind, scatter radio waves to produce a diffraction pattern if the apparent source size is sufficiently small. Since the diffraction pattern drifts due to the solar wind motion, a ground observer detects rapid fluctuations in intensity of the radio signal. This phenomenon is called interplanetary scintillation, IPS 1, 2) . It has been proven from earlier studies that IPS serves as an effective tool for remote sensing of the solar wind plasma. Multi-station observations of IPS enable to estimate the solar wind speed by measuring the time lag in intensity variations at two separated antennas. Information of the solar wind density can be derived by measuring the IPS power level, since the magnitude of density fluctuations is approximately proportional to the solar wind density.
We perform IPS observations at 327 MHz everyday between April and mid-December using the multi-station system of the Solar-Terrestrial Environment Laboratory (STEL) of the Nagoya University 3) . The STEL multi-station IPS system is composed of 4 radiotelescopes at Fuji, Sugadaira, Kiso, and Toyokawa. The baselines of the IPS system and the radiotelescope at Fuji are shown in Figure 1 . Each radiotelescope has a large aperture (~4,000 m 2 for Toyokawa or ~2,000 m 2 for other stations) and a low-noise receiver to detect weak IPS signals for many radio sources. Nearly 40 radio sources within a 90-deg solar elongation angle are used in a day for our IPS observations. We derive the solar wind speed and the density disturbance factor; called "g-value"
4) from our IPS observations. The g-value represents relative variation of the solar wind density fluctuations to the ambient level; i.e. g>1 means excess of density fluctuations. The g-value can be used as a measure of the solar wind density.
Deconvolution Analysis of IPS Observations
While IPS observations can provide valuable information of global properties of the solar wind, they are biased and blurred owing to the line-of-sight (los) integration effect. In order to improve this drawback, we have developed some methods to deconvolve the los integration data and to reconstruct the 3-D feature of the solar wind. There are two different types of the deconvolution method; one is the computer-assisted tomography (CAT) method 5, 6, 7, 8, 9) , which is oriented to the analysis of quasi-stationary (i.e. corotating) solar wind, and the other is the model fitting method 10) dedicated for the analysis of the transient stream associated with the coronal mass ejections (CMEs).
CAT method
If the solar wind structure is stable during the period longer than one solar rotation, IPS observations using many radio sources give multiple perspective view data of the solar wind for this period. By applying the tomographic inversion technique to IPS data, we can retrieve the 3-D structure of the solar wind. The first attempt of such a CAT analysis was performed using STEL IPS observations, and the global distribution of the solar wind speed at solar minimum when the solar wind structure was stable was successfully determined. It is clearly demonstrated from this analysis that the solar wind is composed of two components (see Figure 2) ; the polar fast (~800km/s) wind and equatorial slow (300-400km/s) wind. This result shows marked agreement with in situ measurements at all latitudes made by the Ulysses spacecraft. Advanced versions of the IPS CAT method have been developed since then; for example, a CAT method to simultaneously deconvolve the solar wind speed and g-value data 6, 7) , the time-sequence tomography (TST) method which is more suitable for reconstructing the time-varying solar wind structure 8) , and the MHD tomography method, which allows to determine a full set of the solar wind parameters; i.e. the magnetic field, temperature, density and flow speed 9) .
Model fitting method
The coronal mass ejection (CME) is known as a solar driver to cause significant disturbances of the space weather, and its propagation dynamics are little understood due to lack of global observations of CMEs in the solar wind. The CME corresponds to a transient feature in the solar wind, and the CAT method described above cannot be applied to the analysis of CME. Therefore, we have developed a different type of the deconvolution method (called the model fitting method) to reconstruct the global feature of CMEs from IPS observations. In this method, a 3-D model of CME is assumed to calculate the g-value, and the model parameters are adjusted to fit calculated g-values to observed ones. Here, the g-value data taken within a given day are used for the analysis. This method was applied to a study of the interplanetary disturbance associated with the 2000 July 14 halo CME event 10) , and an unprecedented view of the interplanetary CME was revealed from this 
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analysis (see Figure 3) . Note that another deconvolution method oriented to the CME analysis (called the "time dependent tomography") has been developed 11) .
Results
We address here some findings of our IPS studies, which are important for the space weather predictions.
Physical parameters to determine the solar wind speed
An accurate model of the solar wind acceleration is highly desired for predicting the space weather. While the acceleration mechanism is mostly obscure, the magnetic field of the sun is considered to play an important role in the formation of the solar wind. We investigated relation between the solar wind speed and the magnetic properties of the source region at all latitudes by making the CAT analysis of our IPS observations. As result, we discovered that a physical parameter combination B/f of the flux expansion rate f and photospheric magnetic field intensity B has a high correlation with the solar wind speed 12) (see Figure 4 ). This finding is crucially important, not only because it provides observational constraints on theoretical models of the solar wind acceleration, but also because it is useful for predicting the solar wind speed at the Earth.
3-dimensional morphology and radial evolution of CMEs in the solar wind
Although continuous monitoring of CME activity from the spaceborne coronagaraph is available now, the CME arrival prediction to the Earth is still unreliable. The main cause of this failure is ascribed to lack of exact knowledge of global properties of CMEs and their evolution in the solar wind. We investigated these properties by using the model fitting analysis of our IPS observations. As result, a variety of 3-D morphologies was revealed from our IPS reconstructions; some of CME events exhibit a loop-shaped structure elongated in a given direction, as shown in Figure 3 , and the others show a shell-shaped distribution with a nearly isotropic angular extent 10, 13, 14, 15) . It should be noted that these features do not necessarily match the ones inferred from coronagraph observations. This discrepancy may be due to the radial evolution of CMEs during propagation. In addition, it is found that CME speeds significantly evolve between the Sun and 1 AU; i.e. fast/slow CMEs decelerate/accelerate rapidly in the course of propagation 16) (see Figure 5 ). This evolution is ascribed to the interaction effect with the ambient solar wind. The findings obtained from these studies are helpful to develop a prediction model of the CME arrival at the Earth.
Summary and Future Subjects
We have been studying global properties of the quasi-stationary and transient components of the solar wind using our IPS observations. We have developed the deconvolution methods to retrieve the 3-D feature of the solar wind from IPS observations. Consequently, several important results which are useful to improve space 
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weather predictions have been obtained from our IPS studies. To examine the utility of IPS observations for space weather predictions in more detail, we have been carrying out realtime experiment of the deconvolution analysis. The result of this experiment is displayed on our web server (http://stesun5.stelab.nagoya-u.ac.jp/forecast/). The arrival of high-speed streams was successfully predicted from this experiment. We plan to explore further the 3D structure and dynamical behavior of the solar wind by improving resolution of IPS observations. The accuracy of the deconvolution analysis is greatly dependent on the number of lines-of-sight available for the analysis. Therefore, a high-sensitivity antenna which enables to detect the IPS signals for more IPS sources in a day is essential for improvement of the deconvolution analysis. We have developed a new large-aperture IPS antenna, which is called the "Solar Wind Imaging Facility (SWIFT)", at Toyokawa (see Figure 6 ). This antenna enables to increase the number of radio sources used for our IPS observations by about two times. The SWIFT observations will start soon. A world-wide observation network including ground-based IPS stations and spaceborne instruments is also useful to improve the cadence of solar wind observations, and it allows us to track fast-moving transient features (i.e. CMEs) continuously.
